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When iodides are  administered in ordinary doses excretion takes 
place  rapidly.  Heavy  doses  can  usually  be  administered  before 
toxic symptoms develop.  The same is true to an even greater extent 
of bromides.  The bromide ion appears  to be  capable of replacing 
the chloride ion to a Considerable degree in the body fluid of mammals 
without  the  production  of  distinct  toxic  symptoms.  Thus  Frey 
(1910--11)  has  shown that while administration of sodium bromide 
(to rabbits)  leads at first to increased excretion of sodium chloride, 
if  the relative  amounts in the diet  are kept constant bromide and 
chloride excretion become parallel; while an animal kept for some time 
on a  deficient chloride diet,  and  then fed bromide, tends to retain 
bromide equally with chloride. 
There is  evidence that  some at  any  rate  of  the toxic symptoms 
following heavy administration of bromide are  actually due to  too 
great a  depletion of chloride from the body, and not to the bromide 
ion (cf.  Wolff and Opp,  1912). 
After bromide administration hydrobromic acid occurs in the gas- 
tric juice  (Wolff  and  Opp). 
Similarly Herzfeld  and  Heimann  (1911)  have  shown  that  after 
administration of iodide the excretion of chlorides and iodides is in 
inverse ratio.  Hydriodic acid occurs in the gastric juice after iodide 
administration, and iodide is found in saliva, tears, perspiration, milk, 
sebum, and  the secretion of the nasal mucous membrane (Cushny, 
1918). 
It is to be noted that Hale and Fishman (1908)  state that bromide 
is excreted more slowly than corresponding doses of iodide. 
411 
The Journal of General Physiology412  RELATIVE  TOXICITY  O~'  ItALIDES 
According to Biedermann (1921),  animal and vegetable diastases 
consist  of  a  thermostable,  organic  component,  by  itself  inactive, 
and  a  thermostable  coenzyme.  Numerous inorganic  salts  can  act 
as  the coenzyme, mainly through the  action of  their  anions.  The 
sodium  salts  in  order of greatest  effect are  the  chloride,  bromide, 
nitrate, iodide, and sulphate. 
The  bromide ion  distributes  itself between blood  corpuscles and 
plasma in  a  ratio  (1:3.1)  similar to  that  for the corresponding dis- 
tribution of chloride ions (1:2.1)  (Wiechmalm, 1921). 
It  is  evident that  bromides  and  iodides  can  to  a  certain  extent 
replace chloride in the circulating and tissue fluids and secretions of 
the body with  apparently the same functional effect, and without 
producing definite toxic symptoms.  This research, carried out dur- 
ing the winters of 1919-20  and 1920-21,  is directed toward the solu- 
tion  of the problem  of to  what extent such non-toxic replacement 
can take place. 
In view of the fact that the iodine of sea water is present chiefly 
as iodate (Sonstadt,  1872,  and Winkler,  1916)  a  comparative study 
of iodate has been included. 
As  a  basis  of comparison we  have measured  the  survival  times 
of frog heart and muscle-nerve preparations  immersed  in  modified 
Locke solutions containing mixtures of the ions studied. 
While much work has been carried out in determining the relative 
effects of various series of cations on the skeletal and cardiac muscles 
of the frog, less has been done with series of anions. 
Loeb  (1909)  has  shown  that  the  relative  effectiveness of halide 
ions  in  producing rhythmic contractions  (a  toxic  effect) in  muscle 
is given by the order, F  >  I  >  Br  >  C1, the minimal concentrations 
being for NaF,  M/64  to  •/96;  for" NaI,  M/32;  for  NaBr,  ~/16  to 
~t/32;  and for NaC1,  M/16.  This is connected, as Loeb points out, 
with the rapidity of passage into the muscle.  He has recently shown 
(1919-20)  that the same order holds for the influence of these ions on 
the rate of diffusion of water through collodion membranes. 
Kruse (1919)  has shown that a  bromide-Ringer or Locke solution 
is inadequate to maintain rhythmicity in  a  perfused isolated  mam- 
malian heart for as long a time as a similar chloride solution, but claims 
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cient as a  chloride-Ringer solution.  Macht and Hooker (1918) have 
shown that  perfusion of the medulla of a  mammal by  a  bromide 
solution  stimulates  the  respiratory  and  cardio-inkibitory  centers. 
Kruse considers therefore that the bromides are more or less irritat- 
ing to most tissues of the body, but states that the central nervous 
system of the frog is not depressed by sodium bromide. 
Stiles  (1901)  showed  that  isolated  strips  of  frog  esophagus  are 
maintained in rhythm by bromide-Ringer solution.  Prochnow (1911) 
has shown that tile sodium halides increase the tonus of the uterus 
and the smooth muscle of arteries in  the order, NaF,  NaI,  NaBr, 
the excitability being increased.  Kruse found that bromides stimu- 
lated smooth muscle (intestine of dog or cat)  slightly under normal 
conditions, and markedly when arrhythmic or fatigued. 
Greisheimer (1919)  found that •/8  sodium bromide is more toxic 
than ~/8 sodium chloride as judged by the effect on the motor nerve 
of the frog. 
Finckh (1921) has tested the effects of sodium halides on the isolated 
frog heart.  In bromide-Ringer solution the heart continues beating 
for a long time, whence Finckh concludes that the chloride ion plays 
no  peculiar  r61e in  this  connection.  When  iodide-Ringer solution 
is  substituted,  harmful  effects  are  observed  which  are  attributed 
to the formation of elementary iodine.  Nitrate-Ringer solution gives 
a similar result; here the toxic effect is explained by the possible forma- 
tion  of NO2  ions. 
Experimental. 
We have determined the survival periods of frog heart and gastroe- 
nemius-sciatic  preparations  (Rana pipiens) immersed in  modified 
Locke solutions in which varying amounts of sodium chloride were 
replaced by the corresponding molecular concentrations of the sodium 
salts of the anions studied, fluoride, bromide, iodide, chlorate, iodate, 
and nitrate (Table  I).  In each set of experiments the solutions were 
made  up  with  freshly  distilled  water,  and  the  preparations,  dis- 
sected as quickly as possible, were immersed in them in shallow ves- 
sels, so that the oxygen supply could be regarded as sufficient.  The 
volume of solution, compared to volume of tissue, was large.  From 
time to time the preparations were observed and tested.  The times 414  RELATIVE TOXICITY OF  ItALIDES 
were noted at which the hearts ceased to respond to electrical stimu- 
lation (the times at which normal heart beat ceased were irregular), 
and the muscles  ceased  to  respond to such  stimulation applied  (a) 
directly, and (b) through their nerves.  In all cases it was found that 
nerve  tissue  died  shortly  before  the  death  of  the  corresponding 
muscle. 
TABLE I. 
Composition of Modified Locke Solutions. 
~aF. 
NaCI  .... 
NaBr. 
hlaI. 
hlaClO, 
NalO, 
~laNO, 
tqaHCO,. 
KC1... 
CaC12. 
}lucose. 
~/7.8 
NaF 
5.38 
O. 10 
0,075 
0.15 
1.00 
M/7.8 
NaCI 
gra. 
7.50 
O. 10 
0.075 
0.15 
1.00 
~/7.8 
NaBr 
gra. 
13.20 
0.10 
0.075 
0.15 
1.00 
g/7.8 
NaI 
gra. 
19.23 
0.10 
0.075 
0.15 
1.00 
M/7.8 
NaC10, 
gm. 
13.65 
0ll0 
0.075 
0.15 
1.00 
m/7.8  ~/7.8 
NaIO,  NaNO* 
gm.  gm. 
26.0 
10.9 
0.10  0.i0 
0.075  0.075 
0.15  0.15 
1.00  1.00 
Waterto ................ 1,000cc. 
It was observed very early in the experiments that a difference of 
a  few degrees of temperature had a marked effect on the duration of 
life of the muscle-nerve preparations, in whatever solutions they were 
immersed.  This  is  in  agreement  with  previous  observations  of 
Cameron and Brownlee (1915-16) (Table II), while Gunn and Under- 
hill (1914-15)  have shown that temperature produces a similar effect 
in surviving mammalian tissue (intestine).  Utilizing the fairly stable 
temperature  conditions of the  city water  supply  through  the  long 
winter here, it was possible to obtain observations throughout which 
the  temperature  remained  fairly  constant  at  5°C.  The  shallow 
beakers  containing  the preparations were immersed in a  large sink 
through which  water  from  the  city main flowed constant,  and  in 
most  of  the  experiments  the  solution temperatures were  thus kept 
constant  to 5  °  4-  I°C.  By selecting suitable times experiments  at TABLE  If. 
The Effect of Temperature. 
[  J  Survival times. 
Expert-  Number 
mental  [  of  [Temper-[  Heart.  Muscle.  Series  [  frogs  [  ature.  [ 
Maxi-  Mini-  Mean.  Maxi-  Mini-  Mean.  mum.  mum.  mum.  mum. 
Ne~e. 
Maxi- [  Mini- [  Mean. 
mnm.  mum° 
100 per cent M/7.8 NaCI solutions. 
2 
7 
10 
1 
3 
5 
6 
Career. 
on and 
Brown- 
lee. 
6 
4 
6 
7 
6 
4 
6 
°C. 
5 
5 
5 
5-8 
5-8 
15-16 
25 
29 
32 
36 
39 
48.4 
58.4 
58.8 
57.3 
46.1 
3.5 
hrs.  hrs. 
45.8  47.2 
54.0  56.7 
57.6  58.2 
49.0  52.3 
43.9  44.9 
3.1  3.3 
2.9  2.2  2.5 
Less  than  I. 
hrs.  hrs.  hrs. 
173.8  167.7  171.9 
222.7  211.2  218.5 
230.7  227.2  228.9 
172.8  167.2  169.6 
169.9  162.7  165.1 
49.0  47.5  48.3 
8.4  7.6  8.0 
Less  than  6. 
Less  than  2. 
Less  than  1. 
]ITS. 
173.0 
210.7 
228.5 
171.8 
167.5 
48.3 
8.1 
hy$. 
166.9 
202.2 
226.0 
162.5 
161.3 
47.0 
7.2 
]~rS° 
:170.0 
207.9 
227.7 
168.9 
165.0 
47.4 
7.7 
100 per cent ~t/7.8 NaBr solutions. 
1  7  5-8  33.4  30.4  32.3  123.9  121.8  122.1  122.7  120.9  [121.8 
5  4  125~16  2.4  2.2  2.2  35.0  34.3  34.8  34.5  34.0  34.2 
6  6  1.7  1.6  1.7  7.1  6.8  6.7  6.8  6.2  6.4 
i 
100 per cent ~t/7.8 NaI solutions. 
1  7  5-8  8.1  7.5  7.6  46.4  44.5  I 45.7  45.5  ] 43.1  44.4 
5  4  15-16  0.87  0.77  0.83  11.4  10.3  10.8  10.7  10.2  10.4 
6  6  25  1.12  0.7,5  0.97  4.1  3.3  I  3.7  3.8  [  3.2  3.5 
100 per cent ~r/7.8 NaF solutions. 
5  4  0.15  0.13  0.14  0.65  0.52  0.57  0.57  0.47  0.52 
6  6  25  0.13  0.10  0.12  0.48  0.37  0.42  0.45  0.32  0.37 
100 per cent ~17.8 NaC1Os. 
6  5  20.0  18.2  19.3  78.5  74.7  76.3  77.3  73.2  75.2 
4  15-16  1.8  1.6  1.7  14.9  14.2  14.7  14.2  13,5  14.1 
6  25  1.5  1.1  1.3  4.9  4.2  4.5  4.5  3.8  4.2 
100 per cent •/7.8  NaNOs. 
4  1  16  2.1  1.9  2.0  18.9  18.2  18.7  18.7  18.0  18.3 
6  2.0  1.7  1.8  5.0  4.7  4.8  4.7  4.3  4.5 
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Effect of Halide Mixtures. 
fl~u. 
Survival times. 
Mean.  Nerve. 
Min!~[  Maxi-  _M_ini-IMean.  Maxl-  M_!n!- 
Heart.  I  Muscle. 
Maxi-  Mini~ [  ] 
mum.  mum.  '  mum.  mum.  I 
Maxi- 
mum. 
Mini- 
munl. [  Mean. 
Experiments with NaBr. 
~er 
cent 
7  100 
6  50 
6  25 
4  12 
4  5 
4  0 
~er 
cent 
0 
50 
75 
88 
95 
~0 
°C.  hrs.  hrs. 
551  33.4  30.4 
36.9  34.6 
5-I 46.1  43.8 
5  46.6  43.7 
5  51.6  50.0 
5  58.4  ]54.0 
hrs.  hrs.  hrs. 
32.3  123.9  121.8 
35.5  143.7  ]139.6 
44.9  169  9  162.7 
45.3  194.7  191.2 
50.7  202.5  197.0 
56.7  222.7  211.1 
hrs.  hrs.  hrs. 
122.1  ]122.7  1120.9 
142.4  1142.8 [138.4 
165.1  167.5  161.3 
193.0  186.2  182.7 
200.1  192.6  190.7 
218.5  210.7  202.2 
]WS. 
121.8 
121.2 
165.0 
184.4 
191.4 
207.9 
Experiments with NaI. 
i0 
10 
10 
10 
10 
10 
6 
6  25 
12 
5 
7  2.5 
6  5 
6  4 
3 
2 
6  1 
6  0 
0 
50 
75 
88 
95 
97.5 
95 
96 
97 
98 
99 
00 
5-8]  8.1  7.5  7.6 
5  112.3  11.5  12.0 
5-8115.8  14.6  15.1 
5  [29.2  27.3  28.2 
5  [32.7  31.2  32.2 
5  42.7  40.9  42.2 
5  34.2  34.0  34.1 
5  38.2  37.4  38.0 
5  141.7  41.0  141.5 
5  47.5  46.2  [46.8 
5  52.5  52.0  52.3 
5  58.8  57.6  58.2  I 
46.4 
64.7 
74.0 
23.2 
31.6 
.71.0 
31.6 
.40.0 
.54.0 
.89.3 
!13.5 
~30.7 
44.5 
60.9 
67.8 
120.7 
130.7 
168.7 
130.3 
139.0 
153.0 
188.7 
212.3 
~27.2 
45.7 
62.9 
70.5 
21.8 
31.2 
69.7 
30.7 
39.5 
53.7 
.88.7 
!12.6 
~28,9 
45.5  43.1  44.4 
63.7  60.2  61.8 
72.7  I 66.5  69.0 
112.3  111.2  111.7 
122.6  120.7  121.5 
162.7  159.6  160.7 
131.2  129.9  130.4 
139.7  138.8  139.5 
153.7  152.7  153.3 
188.7  188.2  188.3 
212.7  211.7  212.2 
228.5  ,226.0  227.7 
Experiments with NaF. 
7 IlOO lO[  6  ] 51  50  6  25  75 
4  12  88 
4  95 
4 
5-81 0.181  012E 0.131 1671 1.251 1.431 1.331 0.951 125 
511.911.211.5  ]  6.3]  4.7]  5.3]  5.8]  4.1]  4.8 
5-814.612.713.4  I  8.4[  6.3 I  6.9 I  7.4 I  5.8]  6.4 
5  112.4 111.9 [12.0122.7121.7  [ 22.7  I 2°'41  19"41 20.1 
5  25.0  24.7  24.8  49.7  48.7  49.1  40.7  39.0  40.0 
5  58.4  54.0  56.7  222.7  211.2  218.5  210.7  202.2  207.9 
Experiments with NaCIO~. 
6 I1oo 11  6  51  50  6  25  75 
4  12  88 
4  95 
4 
5  [20.0  18.2  19.3  78.5  74.7  76.3  77.3  73.3  75.2 
5  121.7 20.4  21.0  82.5  79.0  81.1  81.9  78.6  80.1 
5-825.4  23.5  24.5  89.8  82.8  86.8  87.6  81.7  85.1 
5  133.0 ]32.0  32.5  149.2  146.7  147.7  139.7  136.8  138.6 
5  42.1  159.7  160.5  149.8  5  58.4  54~4[08 41.3  161.0  151.6  150.7 
56.7  222.7  211.2  218.5  210.7  202.2  207.9 
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TABLE  Ill--Continued. 
417 
_  .¢  Survival times. 
Heart.  Muscle.  N erve. 
Max[-  Mini-  Mean,  Max[-  Mini-  Mean.  Maxi'l  Mini-  Mean.  mum.  mum.  mum.  mum.  mum.  [  mum. 
Experiments  with NaIOa. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
per  ~er 
cent  cent 
61  10  90 
5  95 
4  96 
3  97 
2  98 
1  99 
0.,  99A 
0.:  99.(. 
0  I100 
*C.  hrs. 
s  24.7 
5  31.6 
5  34.0 
5  37.7 
5  53.0 
5  59.7 
5  54.7 
5  56.7 
5  58.8 
JW$. 
24.0 
30.0 
33.0 
37.2 
42.0 
49.2 
53.6 
56.3 
57.6 
hrs.  hrs.  i  hrs. 
24.3  96.6  93.4 
30.7  121.8  120.0 
33.2  134.0  133.4 
37.5  144.7  143.8 
52.5  158.8  157.6 
t9.5  169.7  167.0 
54.5  179.0  178.4 
56.7  218.4  217.2 
58.2  230.7  227.2 
hrs.  hrs. 
95.0q95.0 
121.5  121.5 
133.7  133.6 
144.3  144.2 
157.8  158.4 
168.6  168.4 
178.7  178.2 
217.7  217.8 
228.9  228.5 
hrs.  l  hrs. 
92.6  94.0 
119.7  121.2 
133.1  133.4 
143.5  143.8 
157.0  157.3 
167.2  168.2 
177.6  177.7 
216.8  217.3 
226.0  227.7 
Experiments  with NaNOv 
4  6  )0 
2  6  i0 
3  6  !5 
7  41  ~2 
8  4  5 
9  7]  2, 
10  6  5 
10  6  4 
10  6  3 
10  6  2 
10  6  1 
10  6  0. 
10  6  0. 
10  6  0 
0 
50 
75 
88 
95 
97.5 
95 
96 
97 
98 
99 
99.5 
99.9 
D0 
I 
5  14.6  12.7  13.7 
5  19.4  17.4  18.2 
5-823.6  19.7  21.4 
5  29.6  28.2  i28.7 
5  35.7  35.0  35.3 
5  138.9  36.7  37.6 
5  38.5  37.7  38.0 
5  140.7  39.9  40.5 
5  52.5  41.5  t2.2 
5  t3.6  43.2  t3.5 
5  t9.2  48.9  ~9.1 
5  55.1 54.8  55.0 
5  56.0  55.1  55.7 
5  58.8  57.6  58.2 
61.~ 
71.2 
73.7J 
136.3 
140.7 
150.7 
140.0 
151.4 
160.4 
172.2 
187.2 
200.2 
213.7 
230.7 
57.8 
65.7 
70.9 
134.0 
138.7 
147.5 
139.0 
150.0 
160.0 
t71.1 
186.3 
199.4 
.~12.4 
~.27.2 
60.2 
68.( 
72.3i 
134.6 
139.5 
149.4 
139.7 
150.5 
160.1 
171.5 
186.9 
199.9 
212.9 
228.9 
60.5 
69.4 
72.0 
125.8 
131.2 
140.7 
139.7 
151.2 
160.2 
171.7 
186.7 
199.7 
H3.3 
.~28.5 
56A 
64.7 
69.4 
123.1  J 
130.C 
138.1 
138.7 
149.7 
159.7 
170.7 
185.7 
198.9 
212.1 
226.0 
59.2 
67.3 
70.6 
125.2 
130.5 
139.7 
139.4 
151.2 
159.7 
171.3 
186.6 
199.6 
212.5 
227.7 
other  temperatures  were made, with approximately  the  same  degree 
of variation.  In  this  way  the effect of temperature  has been ascer- 
tained  fairly  accurately.  These  temperature  results  are  shown  in 
Table II. 
The modified  Locke  solutions  employed  (Table  I)  were  equimo- 
lecular.  Mixtures in known  proportions  gave solutions in which deft- 418  P.ELATIVE  TOXICITY  OF  tIALIDES 
nite percentages of sodium chloride were replaced by the correspond- 
ing molecular  amounts of  the  other anions.  The actual molecular 
concentration of halide was therefore always ~/7.8.  With the degree 
of dilution employed, differences in degree of ionization can be dis- 
regarded.  Table III shows the effects of such mixtures, for each of 
which the molecular percentage of the anion studied is indicated as 
"NaX." 
The chemicals used were of the following degree of purity'  sodium 
chloride, sodium hydrogen carbonate, potassium chloride, and calcium 
chloride, Kahlbaum,  "zur Analyse" (pre-war manufacture); sodium 
fluoride,  glucose,  Merck's  pure;  sodium  bromide,  sodium  iodide, 
sodium chlorate, sodium iodate, and sodium nitrate, Merck's U.S.P. 
In all cases the animals were weighed before the experiment.  As- 
suming that the weights of the tissues used were proportional to total 
body weight, there was no proportionality between weight of tissue 
and duration of life.  The extreme weight limits in all experiments 
were 30 and 67 gin.  In each experiment the extreme difference was 
much smaller.  Almost all the animals were male. 
DISCUSSIOIq. 
Our results show a  fair degree of constancy, as exhibited both by 
the figures for the same  conditions in  different experimental series 
(the experiments in any particular series were commenced at approxi- 
mately the same time and therefore those in one series are somewhat 
more accurately comparable)  and  the  extreme  variations  obtained 
under any one set of conditions.  The actual differences observed in 
the three different experiments with chloride-Locke solution at 5°C. 
are probably in part referable  to  different temperature fluctuations 
within the slight limits mentioned (5 :i: I°C).  The maximum survival 
time  of frog muscle in chloride-Locke solution  was 230.7  hours;  of 
frog nerve, 228.5 hours; and of frog heart muscle, 58.4 hours.  These 
figures appear to be somewhat greater than any previously  recorded, 
the difference being almost certainly due to temperature.. 
The period of survival decreases with increase of temperature in 
all solutions.  The results for frog muscle are shown in Fig. 1.  Those 
for heart and nerve give similar curves.  (The mean temperature for A.  T. CAMERON  AND  ~.  S.  HOLLEI~BERG  419 
Experimental  Series  1  and  3  has  been  taken  as  6.5.)  The  halide 
curves for muscle are logarithmic; those for nitrate and chlorate do 
not  show  this  relationship.  The  decrease is  probably  due  to  the 
combined effect of temperature per se  (especially evident at higher 
temperatures and due presumably to an acceleration of all metabolic 
processes in  the  tissue)  and  of  temperature in increasing the toxic 
effect of the foreign ion. 
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FIo. 1. Effect of temperature on the survival period of frog muscle immersed 
in  various Locke  solutions. 
Introduction  of  any  foreign ion  into  the  Locke  solution,  under 
constant temperature conditions, decreases the survival period.  This 
must be regarded as due to toxicity of the foreign ion.  The greatest 
relative toxic effect appears  to be produced by an initial  slight re- 
placement of chloride ions.  Further replacement does not produce 
such a  relatively great effect.  This is shown by the curves for frog 
muscle in Fig. 2.  Nerve and heart data yield similar curves. 
It  is  therefore  apparent  that  even  small  traces  of  such  foreign 
ions (including bromide and iodide) are distinctly, though but slightly 
toxic.  This  is  not in  agreement with  Finckh's  conclusions,  but  is 
in general agreement with Kruse's results.  Since, in solutions con- 
taining only a  small percentage of replacements by the foreign ions, 
the survival period is in most cases at least several days, it seems un- 420  RELATIVE  TOXICITY  OF  HALIDES 
likely that  the  controlling  factor is  the  relative  permeability  of the 
cell  membrane  to  these  ions.  The  important  factor is  probably  a 
direct chemical action of the foreign ion on the cell protoplasm or some 
part of it. 
Finckh  has  shown  that  very  similar  results  are  obtained  with 
iodide and  nitrate-Ringer  solutions.  Our results  are  in  agreement, 
but it seems to us,  on  chemical grounds,  since  this  parallel  toxicity 
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FIG. 2. Effect of substitution  of chloride in Locke solutions by other  anions 
on the survival period of frog muscle. 
persists in solutions in which  the I  and NO3 concentrations  are  very 
slight, that it is extremely unlikely that Finckh's conclusion is correct 
that  the  toxicity  can  be  traceable  to  the  formation  of  elementary 
iodine and  of NO2 ions. 
Our results show (Fig. 2) a distinct difference of action in solutions 
in which 2  and  3 per cent of chloride ion is replaced by iodide and 
nitrate.  For the greater replacement iodide is more toxic than nitrate; A.  T.  CAMERON  AND  M.  S.  HOLLENBERG  421 
for the lesseriodide is less toxic.  This sudden decrease in degree of 
toxicity with greater dilution seems to be in agreement with the non- 
observance  of  distinct  toxic  effects  after  administration  of  small 
doses  of  iodide  to  mammals.  There would appear to be a  similar 
abnormal decrease for still smaller iodate concentrations, as contrasted 
with  nitrate-chloride mixtures  (Fig.  2).  Nevertheless,  even  very 
slight traces of any of the foreign ions that we have tested exhibit 
a distinct toxicity, when compared with pure chloride-Locke solution. 
For Locke solutions in which more then 5 per cent of chloride is 
replaced by the corresponding molecular concentration of the foreign 
ion, the toxicity is in descending order 
F  >IOa >I > NOt >C1Os > Br > CI 
This is in  agreement with  the  effectiveness in producing rhythmic 
contractions in muscle (Loeb);  the inverse order is  that  found by 
Biedermalm for effectiveness as coenzymes of amylases. 
When less than 2 per cent of the chloride is replaced the order is 
108 >NO3 >I > Br > CI 
These results can almost certainly be considered to hold for body 
fluids  circulating normally and containing these foreign ions. 
The much greater relative toxicity of  fluoride solution  under  all 
conditions is in agreement with the marked biochemical differences 
of fluoride and the other halide ions. 
~/7.8 chlorate-Locke solution produced a regular series of rhythmic 
contractions (about 35  per minute) in muscle.  M/7.8  iodide-Locke 
solution produced  a  similar  effect; the  rate  was  somewhat faster. 
Fluoride produced a continuous fibrillation.  The chlorate and iodide 
effects were not observed with muscle of curarized frogs,  though the 
fluoride fibrillation persisted.  No  such  effects were  observed with 
the  other anions  studied. 
This  research forms part of a  series  relating to  the biochemistry 
of iodine.  Part of the expenses were defrayed by a  grant from The 
Chemical Society (of London) to whom we tender our thanks. 422  RELATIVE TOXICITY ()F  HALIDES 
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